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INTRODUCTION
Dental unit waterlines (DUWL) are contaminated by a wide range of microorganisms including bacteria, fungi, free-living amoebae (FLA) and viruses (Barbeau and Buhler 2001; Kumar et al. 2010; O'Donnell et al. 2011; Arvand and Hack 2013; Kadaifciler,Ökten and Sen 2013; Lisboa et al. 2014; Costa et al. 2015) . Microbial contamination exposes both patients and dental staff to potential infectious risks by inhalation of aerosols generated during dental cares or direct contact with contaminated water.
Several observations of contaminated DUWL-associated clinical infections have been reported (Pankhurst and Coulter 2007; Kumar et al. 2010; O'Donnell et al. 2011; Ricci et al. 2012) , including one fatal Legionella pneumophila pneumonia case (Ricci et al. 2012) . In order to limit the occurrence of infections linked to dental cares practices, disinfectants are supplied by dental unit (DU) manufacturers to limit microbial DUWL contamination. In Europe, among the most common, we can cite: the Calbenium C (Gammasonic, Billom, France), the Oxygenal 6 C (Kavo, Biberach, Germany) and the Sterispray C (Gammasonic, Billom, France), which are recommended to be used at continuous concentrations in DUWL of 2%, 0.02% and 1%, respectively (plus one weekly intensive cycle at 0.2% during 45 min for the Oxygenal 6 C ). However, little information is presently available on their antimicrobial efficacies. Infections directly caused by FLA, while uncommon, are often severe (i.e. amoebic meningoencephalitis) and concern particularly immunocompromised patients. FLA could also be indirectly involved in infections, due to their ability to phagocytosis microorganisms and especially to the capacity of some amoeba-resistant bacteria (ARB) such as L. pneumophila and Mycobacteria spp. for escaping from the amoebal 'Trojan Horse' (Greub and Raoult 2004; Thomas et al. 2006; Thomas et al. 2010) . In addition, FLA functioning as reservoirs for ARB that are resistant to amoebal phagocytosis but also probably to human macrophages phagocytosis (Guimaraes et al. 2016) . Rather than planktonic, DUWL FLA live preferentially in contact with biofilms (Rodríguez-Zaragoza 1994) where they can feed bacteria, fungi. . . , and biofilm lifestyle is well established as increasing microbial resistance to antimicrobials (Costerton et al. 1994; Costerton, Stewart, Greenberg 1999; Donlan and Costerton 2002; Peters et al. 2012) . In a recent previous study, we have shown the lack of efficacy of the Oxygenal 6 C , the Calbenium C and the Sterispray C against Vermamoeba vermiformis when amoebae were growing concomitantly with bacteria and yeasts in biofilm conditions (Costa et al. 2016) .
The aim of the current study was to document whether the previously observed resistance of FLA to disinfectants in biofilm conditions was due: (i) to the biofilm phenotype itself, (ii) to the influence of associated microbial communities or (iii) to intrinsic features of disinfectants. The activities of the Oxygenal 6 C , the Calbenium C and the Sterispray C were evaluated against FLA incubated alone or with planktonic bacteria (Pseudomonas aeruginosa) and yeasts (Candida albicans), which are known to be present in DUWL. 
MATERIEL AND METHODS

Microorganisms
Measurement of anti-FLA efficacy of disinfectants
Data analysis
ANOVA tests were done to evaluate differences between the three disinfectant solutions depending on co-culture conditions. Mann-Whitney tests were done to compare concentrationdependent efficacies of individual disinfectant solutions against A. castellanii and V. vermiformis.
RESULTS AND DISCUSSION
Under planktonic conditions, 1/3 tested disinfectant did not exert FLA killing activity while for the 2 others; activities reached 79%-100% depending on FLA species (Figs 1 and 2 ). The Oxygenal 6 C was the less efficient with no significant activity against both Acanthamoeba castellannii and Vermamoeba vermiformis whatever the studied concentration: FLA killing ranging from 11% to 20% and from 0% to 5% for A. castellanii ( Fig. 1) and V. vermiformis (Fig. 2) , respectively, which was no significantly different from the untreated control condition. The Calbenium C and the Sterispray C exhibited concentration-dependent efficacies. For the Sterispray C , a maximum activities of 100% and 86% against A. castellanii and V. vermiformis, respectively, were obtained using 5% v/v concentration, while using 1% v/v, as recommended by the manufacturer, FLA killing was around 84% and 31%, respectively (Figs 1 and 2) . Acanthamoeba castellanii was more susceptible to the Sterispray C than V. vermiformis regardless of concentration (P < 0.01). For the Calbenium C , maximum killing activities of 79% and 97% for A. castellanii ( Fig. 1) and V. vermiformis (Fig. 2) were obtained, respectively, using a 5% v/v concentration, while using a 2% v/v concentration, as recommended by the manufacturer, only 65% and 93% of A. castellanii and V. vermiformis were killed, respectively. In contrast with the Sterispray C , the FLA killing activity of the Calbenium C at concentrations of at least 0.5% v/v was significantly higher against V. vermiformis than A. castellanii. (P < 0.01). As FLA are known to live preferentially at the contact of polymicrobial biofilms (Rodríguez-Zaragoza 1994) and as the presence of other microorganisms may influence efficacies of disinfectant besides biofilm condition, we also investigated the influence of FLA co-incubation with Pseudomonas aeruginosa and/or Candida albicans in planktonic conditions on the anti-FLA activity of each studied disinfectant. Results demonstrated that the FLA killing percentages were not significantly changed in the case of co-incubations whatever the tested disinfectants and concentrations (data not shown). Consequently, the already reported lack of efficacy of DUWL disinfectants on FLA in biofilm condition either after a 15 min time of contact or either after a continuous treatment of 7 days (Costa et al. 2016 ) may be due to DUWL disinfectants consumption by dense biofilm microorganisms or interactions with components of the extracellular matrix or with secreted molecules at the surface of biofilms, but in any case, the biofilm organization plays an important role in this previously observed disinfectants resistance. Encystment was more frequent for A. castellanii than for V. vermiformis and varied independently of the studied conditions (whatever the tested disinfectant from 0% to 5% v/v with or without P. aeruginosa and C. albicans co-incubation) ranging from 7% to 49% and from 0% to 21% for A. castellanii and V. vermiformis, respectively (data not shown). The ability of FLA to develop cysts was previously reported to limit the efficacy of conventional water treatments (such as chlorination, ozone. . . ) in eradicating FLA; however, very limited information is available in the context of DUWL (Thomas et al. 2008; Goudot et al. 2014; Fouque et al. 2015) . Results suggest that encystment could participate to FLA disinfectant resistance but not entirely explain the lack of efficacy of the three tested disinfectants on the two tested FLA species.
CONCLUSION
In this study, three commonly used DUWL disinfectants exhibited inconstant and insufficient in vitro anti-FLA efficacy at manufacturers recommended concentrations. The Oxygenal 6 C was ineffective regardless of concentration. Both Calbenium C and Sterispray C did not totally inhibit both FLA even at concentrations higher than those recommended by manufacturers. The Calbenium C and the Sterispray C specifically lacking efficiency against Acanthamoeba castelanii and Vermamoeba vermiformis, respectively. Nevertheless, present results also highlight a better efficacy of disinfectants against FLA in planktonic conditions (co-incubated with other microorganisms or not) than in biofilm condition (already reported in a previous work), consistent with negative influence of biofilms on FLA susceptibility to disinfectants. Finally, results prompt to further evaluate commercial disinfectant against several FLA species in conditions close to DUWL ones to ensure better management of DUWLassociated infectious risks.
